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CONVERSION OF A VIDEO SIGNAL FOR 
DRIVING A LIQUID CRYSTAL DISPLAY 

This appln is a continuation of PCT/EP99/02060 ?led 
Apr. 17, 1998. 

FIELD OF THE INVENTION 

The present invention relates to the display of images on 
image displays With different luminance rise and fall 
response times, such as liquid crystal displays, in particular 
to the display of TV pictures and/or data information on a 
video display system equipped With a liquid crystal display 
device. 

BACKGROUND AND DESCRIPTION OF 
RELATED ART 

The display of video images on display devices such as a 
Cathode Ray Tube (CRT) or a Liquid Crystal Display (LCD) 
is a knoWn art. Image displays equipped With such CRT or 
LCD display devices are capable of displaying on a display 
screen images consisting of a number of picture elements (or 
pixels) Which are refreshed at a refresh rate generally above 
25 HZ. These images may be monochromatic, multicolour or 
full-colour. Common standards are in use to display the 
images as a succession of frames. 

The light of the successive frames Which are displayed on 
the display screen of such a CRT or LCD display device is 
integrated by the human eye. If the number of displayed 
frames per second—further called the frame rate—is suffi 
ciently high, an illusion of the images being displayed in a 
continuous Way, and therefore an illusion of motion, can be 
created. 

The Way images are formed on the display screen of a 
CRT display device is fundamentally different from the Way 
images are formed on the display screen of a LCD display 
device. 
On a CRT display device, the luminance of a picture 

element is produced by an area of a phosphor layer in the 
display screen When said area is hit by a Writing electron 
beam. 

On a LCD display device, the luminance of a picture 
element is determined by the light transmittance state of one 
or more liquid crystal elements in the display screen of the 
LCD display device at the location of the picture element, 
Whereby the light itself originates from ambient light or a 
light source. 

For a faithful reproduction of moving images or moving 
parts of an image, the luminance response of the display 
device being used is of utmost importance. 

The luminance responses and the luminance response 
times of display screens are knoWn to be very different for 
CRT and LCD display devices. The luminance response 
time, being the time needed to reach the correct luminance 
on the display screen in response to an immediate change in 
a corresponding drive signal is shorter than a frame period 
for a CRT display device but up to several frame periods for 
a typical LCD display device according to the state of the art. 

For LCD display devices, the luminance responses and 
luminance response times are also knoWn to be different for 
a darker-to-brighter luminance transition as compared to the 
responses and response times for a similar brighter-to-darker 
luminance transition. Furthermore, the luminance responses 
and luminance response times are temperature dependent, 
drive voltage range dependent and, due to production 
tolerances, unequal over the LCD screen area (location 
dependent). 
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2 
Various solutions are knoWn for changing luminance 

response times With LCD display devices. They hoWever 
have the aim to shorten the overall luminance response 
times, not to make the luminance rise and fall times equal. 
EP 0 487 140 discloses a method for speeding up display 
response times by doubling the display frame rate. The 
luminance rise and fall times remain different. EP 0 553 865 
describes luminance ?icker phenomena related to luminance 
response, but these phenomena are not due to the difference 
betWeen luminance rise and fall times, but rather to hoW 
image lines are Written. 

There eXist a number of images, further referred to as 
speci?c images, Which When moved over a display screen 
With different luminance rise and fall times, give rise to 
visible and measurable artefacts in the displayed image, 
even When the luminance responses are shortened. 

It is characteristic of such speci?c images that they 
contain a number of isolated or clustered picture points, 
Which are in high contrast to their surroundings in the image. 

The artefacts are due to the difference betWeen luminance 
rise and fall times, Which is typical for an LCD display 
device. This causes the luminance fall (or rise) of a White 
spot at a ?rst location to be different from the simultaneous 
luminance rise (or fall) of a White spot at a second location, 
When the White spot is moved from the ?rst to the second 
location. The total luminance integrated over the screen area 
immediately before, during and after the movement of the 
White point is not constant. The integrated luminance shoWs 
a ‘luminance jump’. 

In practice, the artefacts Will only be visible When more 
picture elements change luminance at the same time Within 
the observation ?eld of the vieWer. 

In practice, various different artefacts may appear depen 
dent on various parameters such as the difference betWeen 
luminance rise and fall times, the frame rate of the displayed 
image, the video signal levels, the speed With Which the 
image is moved over the screen, the image content. 
The visible artefacts cause the quality of the displayed 

image to range from being inferior to unacceptable. The 
knoWn solutions of increasing the frame rate do not funda 
mentally solve the problems but only make them in the best 
case less perceptible. 

SUMMARY OF THE INVENTION 

It is the aim of this present invention to remove luminance 
jumps and visible artefacts resulting from said luminance 
jumps in a displayed image during and immediately after the 
movement of the image, the luminance jumps and the 
artefacts caused by a difference in luminance rise and fall 
times of the display screen on Which the image is displayed. 

This is obtained by a method for converting a ?rst video 
signal into a second video signal, the second video signal 
being intended for being displayed on a display device With 
different luminance rise and fall times, Which comprises a 
display screen, and Which operates at a frame period. The 
conversion is so that the second video signal causes the 
luminance time response of a picture element of the image 
to a change of the ?rst video signal from a ?rst amplitude 
value to a second amplitude value to be substantially equal 
in shape and amplitude but reversed (i.e., inverted) in slope 
compared to the luminance time response of the same or 
another picture element of the image to a change of the ?rst 
video signal from the second amplitude value to the ?rst 
amplitude value. The luminance time responses can be made 
substantially equal to ‘prede?ned luminance time 
responses’. 
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The luminance time responses can be made substantially 
equal in amplitude and not sloWer than the luminance 
response of the same or another picture element Which 
Would be caused by the ?rst video signal if this Were 
displayed Without conversion. The choice of the same or 
another picture element can be the same picture element 
itself, a reference picture element from a selected group of 
picture elements (eg a WindoW) to Which the same picture 
element belongs, any picture element Which can be dis 
played on the display screen of the display device. The 
chosen same or another picture element can be that picture 
element of all picture elements Which are aimed to be 
displayed of Which the luminance response is the sloWest. 
The conversion permits the compensation of the unevenness 
of the luminance rise and fall times over the surface of the 
display screen, as Well as the compensation of the tempera 
ture dependency of the luminance rise and fall times. 

According to a preferred embodiment, the conversion is 
such that the second video signal is built up in real time in 
consecutive steps during corresponding consecutive correc 
tion periods. 

For the determination of a neXt step, one or more of the 
folloWing parameters may be taken into account at the start 
of a correction period: 

the present luminance of the picture element as predicted 
at the instant of the previous correction period, 

the present amplitude of the ?rst video signal, 
the physical location of the picture element on the display 

screen, 
the present temperature at the location of the picture 

element. 
Preferably, a correction period is equal to a multiple of the 

frame period of the second video signal. 
Preferably, the frame rate of the second video signal is a 

multiple of the frame rate of the ?rst video signal. 
According to an embodiment of the present invention, the 

conversion of the ?rst video signal into the second video 
signal is so that the faster luminance response of a picture 
element to a change of the ?rst video signal is sloWed doWn 
in order to match the luminance response in time and 
amplitude to the knoWn sloWer luminance response of the 
same or another picture element for the opposite change of 
the ?rst video signal. 

According to another embodiment of the present 
invention, the conversion of the ?rst video signal to the 
second video signal is so that the sloWer luminance response 
of a picture element to a change of the ?rst video signal is 
accelerated in order to match the luminance response in time 
and amplitude to the knoWn faster luminance response of the 
same or another picture element for the opposite change of 
the ?rst video signal. 

According to another embodiment of the present 
invention, the conversion of the ?rst video signal to the 
second video signal is so that the second video signal causes 
the luminance time response of a picture element to a change 
of the ?rst video signal from a ?rst amplitude value to a 
second amplitude value to be substantially equal in shape 
and amplitude but inverted in slope compared to the lumi 
nance time response of the same or another picture element 
for a change of the ?rst video signal from the second 
amplitude value to the said ?rst amplitude level, the lumi 
nance responses being equal to prede?ned luminance 
responses. 

Furthermore, an apparatus is disclosed and claimed for 
carrying out a method as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a, FIG. 1b and FIG. 1c illustrate the display of a 
speci?c video signal and its scrolling doWn over the display 
screen; 
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4 
FIG. 2 illustrates the display of a speci?c “text WindoW” 

video signal and its movement over the display screen; 
FIG. 3a, FIG. 3b, and FIG. 3c illustrate the movement of 

a White point betWeen a ?rst location and a second location 
on a display screen; 

FIG. 4 shoWs luminance responses on a display screen of 
Which the luminance rise time is shorter than the luminance 
fall time, When a White point moves from a ?rst to a second 
location (prior art); 

FIG. 5 shoWs luminance responses on a display screen of 
Which the luminance rise time is longer than the luminance 
fall time, When a White point moves from a ?rst to a second 
location (prior art); 

FIG. 6a, FIG. 6b, and FIG. 6c illustrate a horiZontal 
movement of tWo White points on a display screen; 

FIG. 7a, FIG. 7b, FIG. 7c illustrate a horiZontal move 
ment of three White points on a display screen; 

FIG. 8a, FIG. 8b, and FIG. 8c illustrate a vertical move 
ment of tWo White points on a display screen; 

FIG. 9a, FIG. 9b, and FIG. 9c illustrate a movement of a 
cluster of White points on a display screen; 

FIG. 10 illustrates a movement in three steps of a White 
point on a display screen; 

FIG. 11 shoWs a luminance response on a display screen 
of Which the luminance rise time is longer than the lumi 
nance fall time, When a White point moves on the display 
screen during three consecutive frame periods (prior art); 

FIG. 12 shoWs a prior art connection of a video generator 
to an image display; 

FIG. 13 is a block diagram of an embodiment of the 
present invention; 

FIG. 14a shoWs a Waveform of a ?rst video signal 
corresponding to an image point Which changes ?rst from 
black to White and later from White to black; 

FIG. 14b shoWs a Waveform of a prior art RMS drive 
voltage to an individual liquid crystal cell in a LCD display 
screen to let it change luminance ?rst from black to White 
and later from White to black; 

FIG. 15a shoWs the luminance response of a picture 
element on a LCD display screen of Which the luminance 
rise time is shorter than the luminance fall time, according 
to the present invention and compared to prior art; 

FIG. 15b shoWs a Waveform according to the present 
invention of a RMS drive voltage to an individual crystal 
cell in a LCD display screen to let it change luminance ?rst 
from black to White and later from White to black; 

FIG. 15c shoWs a Waveform according to the invention of 
a second video signal corresponding to a picture element 
Which changes ?rst from black to White and later from White 
to black; 

FIG. 16 shoWs hoW a luminance response is controlled 
according to the invention; 

FIG. 17a shoWs the luminance response of a picture 
element on a LCD display screen of Which the luminance 
rise time is longer than the luminance fall time, according to 
the present invention and compared to prior art; 

FIG. 17b shoWs a Waveform according to the present 
invention of a RMS drive voltage to an individual crystal 
cell in a LCD display screen to let it change luminance ?rst 
from black to White and later from White to black; 

FIG. 17c shoWs a Waveform according to the present 
invention of a second video signal corresponding to a picture 
element Which changes ?rst from black to White and later 
from White to black; 
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FIG. 18 shows a stand-alone apparatus according to the 
present invention; 

FIG. 19 shows an apparatus according to the present 
invention, connected betWeen a video generator and an 
image display; 

FIG. 20 shoWs a video generator With a built-in apparatus 
according to the present invention, Which is connected to an 
image display; and 

FIG. 21 shoWs a video generator Which is connected to an 
image display Which contains an apparatus according to the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A ?rst eXample of a speci?c image is illustrated in FIG. 
1a, FIG. 1b and FIG. 1c. An image display 1 has on its 
display screen 2 a speci?c image 3 characterised by a high 
noise content, the image being scrolling doWn at such a sloW 
speed that the scrolling steps are individually perceptible. 
FIG. 1b shoWs an enlarged part 4 of the speci?c image 3, its 
location referred to the image being shoWn in FIG. 1a, FIG. 
1b and FIG. 1c illustrate a doWnWard scrolling step equal to 
the difference betWeen the distance 5 of a bright image point 
6 to the top border of the image before a scrolling step and 
the distance 7 after the scrolling step. 
Asecond example of a speci?c image is illustrated in FIG. 

2 and shoWs a WindoW 8 With teXt inside, Which is moved 
over a display screen 2 from a location 9 to a location 10. 
Depending on the luminance rise and fall responses of the 
display device and on the scrolling or movement speed, 
artefacts are seen as a large-area luminance ?ash, large-area 
luminance ?icker, a temporary faulty large-area luminance. 

FIG. 3a, FIG. 3b and FIG. 3c illustrate the movement on 
a display screen of a White point 11 With the dimension of 
a picture element rom a ?rst position 12 (FIG. 3a) to a 
second position 13 (FIG. 3c). Only a small part 14 of the 
display screen enclosing the tWo locations 12 and 13 is 
shoWn in an enlarged Way. 
When the White point changes instantly from the ?rst 

position 12 to the second fposition 13, the folloWing hap 
pens. 
On a display screen of Which the luminance response is 

immediate, the White point Will at the same instant fully 
disappear at the ?rst location 12 and fully reappear at the 
second location 13; the luminance integrated over the screen 
area 14 at time instances before, during and after the move 
of the White point Will be equal to the luminance corre 
sponding to one White point. 
On a display screen With a luminance rise time different 

compared to the luminance fall time as it is typical for an 
LCD display device, the luminance fall (or rise) of the White 
spot at the ?rst location 12 Will be different from the 
simultaneous luminance rise (or fall) of the White spot at the 
same instant at the second location 13; the total luminance 
integrated over the screen area 14 is not equal immediately 
before, during and after the movement of the White point. 

In FIG. 4 is shoWn the luminance before, during and after 
the movement of the White point 11 at a time instant T0 from 
a ?rst location 12 to a second location 13 on a display screen 
of Which the luminance rise time is shorter than the lumi 
nance fall time. The horiZontal aXis 15 is a time scale and the 
vertical aXis 16 is a luminance scale. Graph 17 shoWs the 
luminance of the picture element at the ?rst location 12, 
graph 18 shoWs the luminance of the screen picture element 
at the second location 13, and graph 19 shoWs the integrated 
luminance over the screen area 14. 

15 

25 

35 

45 

55 

65 

6 
In FIG. 5 is shoWn the luminance before, during and after 

the move of the White point 11 at a time instant T0 from a 
?rst position 12 to a second position 13 on a display screen 
of Which the luminance rise time is longer than the lumi 
nance fall time. Graph 20 shoWs the luminance of the picture 
element at the ?rst location 12, graph 21 shoWs luminance 
of the picture element at the second location 13, and graph 
22 shoWs the integrated luminance over the screen area 14. 

FIG. 4 and FIG. 5 shoW that When the White point 11 
moves from the ?rst position 12 to the second position 13, 
there is a short luminance jump, upWards or doWnWards 
depending on hoW the rise and fall times of the display 
screen relate to each other. Within a same time period, the 
luminance of the picture element at the second location 13 
is changed differently compared to the luminance of the 
picture element at the ?rst location 12, the difference deter 
mining the amplitude of the luminance jump. This lumi 
nance jump is at the origin of the artefacts mentioned above 
and further explained beloW. 

If more White points are moved at the same instant and 
Within the same small area of the display screen, a lumi 
nance jump Will occur as Well but its amplitude depends on 
hoW the White points are distributed Within the same area. 

FIG. 6a, FIG. 6b and FIG. 6c illustrate hoW tWo White 
points laying side-by-side move in the same horiZontal 
direction over a distance of one picture element. In FIG. 6b 
is shoWn that one picture element does not change 
luminance, While tWo other picture elements change lumi 
nance. Compared to the move of one White point as 
described above, the amplitude of the luminance jump 
Within the area 14 is equal, hoWever the relative luminance 
jump being the absolute luminance jump related to the total 
luminance of the moving points is smaller. 

FIG. 7a, FIG. 7b and FIG. 7c illustrate hoW three White 
points laying side-by-side move in the same horiZontal 
direction over a distance of one picture element. In FIG. 7b 
is shoWn that tWo picture elements do not change luminance, 
While tWo other picture elements change luminance. Com 
pared to the move of one White point as described above, the 
amplitude of the luminance jump Within the area 14 is equal. 
Compared to the move of tWo White points as described 
above, the amplitude of the luminance jump Within the area 
14 is equal, hoWever the relative luminance jump being the 
absolute luminance jump related to the total luminance of 
the moving points is smaller. 

FIG. 8a, FIG. 8b and FIG. 8c illustrate hoW tWo White 
points above each other move in the same vertical direction 
over a distance of one picture element. FIG. 8b shoWs that 
four picture elements do change luminance at the same time. 
Compared to the move of one White point, the luminance 
jump is doubled, but the relative luminance jump is the 
same. 

Different combinations of White points moving at the 
same time in a same direction from one ?rst location to a 

second location Within an area of the image screen Will give 
different absolute and relative luminance jumps Within said 
area. FIG. 9a, FIG. 9b and FIG. 9c illustrate a movement of 
a larger combination or cluster of White points from one 
location to a more right-doWn location. 

FIG. 10 illustrates a White point 11 moving during a time 
interval T0—T3 of 3 frame periods from location 23 to 
location 26 over locations 24 and 25, Within a screen area 14. 
FIG. 11 shoWs the luminance graph 27 in function of time, 
integrated over the area 14. Atemporary loWer luminance 28 
occurs during the move of the White point. The luminance is 
temporarily faulty. This artefact is related to the image jump 
and further mentioned as a ‘temporary faulty luminance’. 
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The ‘luminance jump’ and ‘temporary faulty luminance’ 
artefacts Were explained hereabove for simple moving 
images composed of one or more White points. These 
artefacts hoWever occur more or less visible and/or measur 
able With any image moved on a display screen of an image 
device With different luminance rise and fall times. When an 
above mentioned speci?c image, for example the image 
illustrated by means of FIG. 1a, is moved over the screen 
Whereby its content remains unchanged, depending on the 
speed of the movement, artefacts ranging from a luminance 
jump (or a brighter or darker luminance ?ash), over a 
large-area ?icker to a large-area faulty luminance may occur. 
The artefacts occur only in the images or in parts of the 
image Which are moved. 

In FIG. 12 is shoWn a prior art connection 31 of a video 
generator 29 to an image display 1 Which has a screen 30. 

An embodiment of the present invention is explained by 
means of block diagram FIG. 13 and ?gures of Waveforms. 
It is an apparatus in Which a ?rst video signal is converted 
into a second video signal. 

FIG. 13 shoWs a block diagram of 32 (speci?cally, a video 
signal converter) according to the present invention. The 
input is a ?rst video signal 33, and the output is a second 
video signal 34 Which is a conversion of the ?rst video signal 
33. The apparatus 32 comprises several functional blocks, 
being an optional inverse gamma correction 35, a subtractor 
36, a ?rst adder 37, a second adder 38, a processing block 
39, a one-frame memory FM, and an optional gamma 
correction 40. The functional blocks are interconnected 
through several interconnections for the interchange of 
values betWeen the functional blocks. These values may 
correspond to luminances, or to gamma-corrected video 
signals, or to video signals Without gamma-correction, or to 
a combination of one or more of these, depending on Where 
the apparatus 32 is located in a video chain betWeen a video 
generator and a display device. For the description of the 
apparatus 32, it is assumed that the values are linearly 
related to luminances on the display screen and that the ?rst 
and second video signals are not gamma-corrected. It Will 
hoWever be easy to extend the apparatus for gamma 
corrected video signals by the addition of an inverse gamma 
correction 35 at the input side, and a gamma-correction 40 
at the output side, or by integrating gamma-aWareness into 
the apparatus 32. 

The processing block 39 has an optional input for values 
TL, these values being related to the present status of a 
picture element of the display screen such as temperature, 
location of the picture element being processed, differences 
in display behaviour betWeen production batches, ageing of 
the display, intended to be used for compensations in the 
conversion of the ?rst video signal into the second video 
signal. These values may come from a sensor in the display 
device, or be user-con?gurable through an on-screen display 
or an external data entry device. 

For the explanation of the operation of the apparatus 32 of 
FIG. 13, FIG. 14a shoWs a chosen ?rst video signal IN1. 
This chosen ?rst video signal corresponds to a White picture 
element on a black background, the White picture element 
appearing at time T0 and disappearing at time T10. In FIG. 
14a, the horiZontal axis is a linear time scale With divisions 
TF1 corresponding to frame periods of the ?rst video signal, 
and the vertical axis is a linear voltage scale. The ?rst video 
signal amplitude changes at T0 from I0 to I1, and at T10 
from I1 to I0. 

FIG. 14b shoWs the Waveform of the RMS drive voltage 
applied inside a typical LCD display device to the one or 
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more liquid crystal image cell(s) of the display screen of 
LCD display device Which are driven to display the White 
point of the ?rst video signal IN1, this being according to 
prior art. 

FIG. 15a shoWs a number of luminance time responses of 
a picture element on a display screen of an LCD display 
device of Which the luminance rise time is shorter than the 
luminance fall time. The horiZontal axis is a linear time 
scale, and the vertical axis 41 is a linear luminance scale. 
The luminance responses in FIG. 15a correspond to one 
unique LCD display device; the response is dependent on 
the display device, the location of the picture element on the 
display screen, and on the temperature. 

Graph 42 on FIG. 15a shoWs the prior art luminance 
response to the ?rst video signal IN1 at the location of the 
displayed picture element. As shoWn, the luminance rises 
from time instant T0 for a duration of several frame periods 
from L0 to L1, and falls from time instant T10 for a duration 
of several frame periods. The luminance rise time is shorter 
than the luminance fall time. 

Graph 43 shoWs the prior art luminance response of the 
same picture element to a ?rst video signal Which is reversed 
in amplitude compared to video signal IN1 and Which is 
further called —IN1. Luminance rise and fall times are as 
With Graph 42. 

Video signals IN1 and —IN1 do not occur at the same 
instant for driving the same picture element, but may both be 
present at the input Within a time interval shorter than an 
input frame period When eg a White picture element moves 
from one location to another Within the image. 

According to the present invention, the luminance rise 
and fall times are made equal, obtained by sloWing doWn the 
faster response to match With the sloWer response, or accel 
erate the sloWer response to match With the faster response, 
or make the faster and the sloWer response equal to a 
prede?ned luminance response, the three methods being 
possible With the here described embodiment. Accelerating 
the sloWer response Will hoWever not alWays be useable in 
practice because higher drive voltages Will be needed and 
saturation may occur in the image display. 
The solution is only fully explained for making the faster 

response sloWer. Making the sloWer response faster, or 
making the faster response and the sloWer response equal to 
prede?ned responses, can easily be implemented by the 
skilled person. 

In accordance With the present invention, graph 42 in FIG. 
15a is sloWed doWn to graph 44 during the time interval of 
rising luminance and matches as close as possible to graph 
45 being the inverse of the falling graph 43. During the 
interval of falling luminance (from T10 on), the response 
should not be modi?ed but should remain as graph 42. 

FIG. 16 is an enlarged version of a part of FIG. 15a, 
namely betWeen time instances T0 and T3. To the ?rst 
vertical axis 41 is added a second vertical axis 46 in order 
to shoW the relation betWeen the second video signal and the 
luminance of the image on the display screen. 

The method for converting or modifying the ?rst video 
signal to develop the second video is further explained 
referring to the block diagram FIG. 13. 
The conversion is such that the second video signal is 

built up in real time in consecutive steps during correspond 
ing consecutive correction periods TC. A correction period 
(TC) is by preference equal to the frame period of the 
displayed image. A correction period may be different from 
the frame period (TF1) of the ?rst video signal. 
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From the present value of the ?rst video signal 33 is 
subtracted in the subtractor 36 a value FR Which corre 
sponds to the present luminance as it Was predicted one 
correction period before. The result is a value A. The value 
A determines hoW the luminance Will have to change during 
the next correction period. Luminance should increase or 
rise When A is positive, decrease or fall When A is negative, 
and remain equal When A is Zero. The value A is applied to 
a ?rst input of the processing block 39. At a second input is 
applied the predicted present luminance FR. With as input 
values A and FR and if present the input of one or more 
temperature values TL related to the connected display 
screen, are determined tWo output values, AC and AR. HoW 
these values AC and AR can be determined is explained 
further. AC is a correction value to be added to the predicted 
present luminance FR in order to reach a chosen luminance 
(to match to a chosen response) at the end of the next 
correction period. AR is the value With Which the luminance 
Will have changed after the next correction period When AC 
is added to the predicted present luminance FR taking into 
account the parameters of the display screen (of Which some 
are screen-location, voltage and temperature dependent). 

The value AC is added in the ?rst adder block 37 to the 
predicted present luminance FR. The predicted present lumi 
nance FR Was predicted at the beginning of the previous 
correction period and has been delayed over one correction 
period in a one-correction-period storage element or 
memory FM. The output of the ?rst adder 37 is a value 
Which is the second video signal 34 Without optional 
gamma-correction. 

The value AR is added in the second adder block 38 to the 
value of the predicted present luminance FR. The output is 
the predicted present luminance for a next correction period. 

Although a correction to the second video signal takes 
several correction periods, a memory FM of only one 
correction period (or only one second video signal frame 
period) is needed. For each correction period a neW correc 
tion value is determined based on the present luminance 
Which Was calculated at the start of the previous correction 
period and stored during one correction period. 

The above described apparatus 32 contains all the above 
mentioned functional blocks and connections to change a 
luminance response in consecutive steps by converting the 
?rst video signal 33 to the second video signal 34. It is 
hoWever not alWays needed to change the luminance 
response, namely When the luminance response already 
folloWs the sloWest response With the ?rst video signal, the 
apparatus can Work transparently. This can be realised in the 
processing block 39. 

For further explanation reference is made noW to FIG. 16 
in Which is shoWn hoW the luminance response is built up 
during three consecutive correction periods from the time 
instances T0 to T3. 

From T0 to T1, Without correction, the luminance rise 
Would folloW graph 42 and increase from LF to LA1. 
According to the invention, the luminance response should 
hoWever folloW graph 45 and increase from LF to LB1. The 
shape of the rising luminance slope is hoWever not exactly 
identical to the opposite of the shape of the falling luminance 
slope, and so it is dif?cult to match the rising luminance to 
the graph 45 and at the same time reach luminance LB1 at 
time instant T1. More important is hoWever that the inte 
grated luminance over the correction period from T0 to T1 
is correct. Therefor, the luminance should raise so that the 
integrated luminance is the same as it Would be if graph 45 
Were folloWed and LB1 reached at T1. This is so When the 
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luminance folloWs the exponential graph 47, Whereby the 
luminance is LD1 at T1. The corrected luminance response 
is marked as 44 on FIG. 16 (and FIG. 15a). Referring to FIG. 
13 and its explanation, AC should have an appropriate value 
to correct the second video signal so that the luminance 
increases to LC1 over a number of correction periods; LD1 
is the predicted present luminance FR at the end of the 
correction period T0—T1. 

At T1, a folloWing correction period T1—T2 starts. The 
luminance should continue to folloW as closely as possible 
graph 45 and at the same time, the integrated luminance over 
T1—T2 should be [equal] substantially the same as if the 
luminance response did folloW graph 45. Therefore, the 
luminance should rise (graph 48) to the luminance LC2 and 
rise from LD1 to LD2 Within the correction period T1—T2. 
LD2 is the predicted present luminance after the correction 
T1—T2. If the video signal Would not have been corrected, a 
luminance LA2 Would have been reached at T2. 

On the vertical axis 46 in FIG. 16 values are set out With 
reference to FIG. 13 and its explanation. The ?rst video 
signal amplitude value goes from INF to INT at T0. At T1, 
the difference betWeen the value of the ?rst video signal and 
the predicted present luminance FR predicted at T0, is 
A1=INT—FR1. The output of the processing block is AC1 
and is added to FR1 to be the neW second video signal value. 
The predicted rise of luminance after the correction period 
T1—T2 is AR1, and the predicted present luminance at T2 is 
FR1+AR1=FR2. From T2 on, the luminance response is 
built up in the same Way as described here before up to 
luminance LT. On FIG. 15a is shoWn, that from T10, the 
luminance response folloWs the sloWer luminance falling 
response and no correction is carried out, the apparatus 32 
Working transparently. 

FIG. 15b shoWs the Waveform of the RMS drive voltage 
With reference to FIG. 14b, but noW in response to the 
second video signal. 

FIG. 15c shoWs the second video signal, being the con 
verted ?rst video signal shoWn in FIG. 14a. 

In FIG. 17a, FIG. 17b and FIG. 17c are shoWn similar 
Waveforms compared to FIG. 15a, FIG. 15b and FIG. 15c, 
hoWever for a display device of Which the luminance rise 
time is longer than the luminance fall time. The luminance 
fall is noW made sloWer from T10. 

In the processing block 39 of FIG. 13, the output values 
AC and AR are determined as a function of the input values 
A and FR and optional temperature values and location 
values. The folloWing C-language function is hereby used. 

void calcideltas(int deltaiin, int from, int *deltaiout, int 
*deltaires) 

?oat dout, dres; 
if (deltaiin > O) /* positive slope */ 

/* no drive correction needed */ 
dout = deltaiin; 

else 

{ 
/* correction value */ 
dout = (?oat)deltaiin * 

(FRAMEiPERIOD — tauirising*(1 — exp(— 
FRAMEiPERIOD/tauirising))) 

/* negative slope */ 
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-continued 

/ (FRAMELPERIOD — tauifalling*(1 — exp(— 
FRAMEiPERIOD/tauifalling))) 

*tempifunction(temperature, FALLING) 
*locationifunction(screenix, screeniy); 

} 
/* 
* Predict pixel response. To be used in next frame iteration. 
* Always predict the slowest edge, since that is what we want 

to 

* make the fastest one do as well . 

*/ 
dres = (float)deltaiin 

* (1 — exp(-FRAMEiPERIOD/tauirising)) 

* tempifunction(temperature, RISING) 
* locationifunction(screenix, screeniy); 

*deltaiout = (int)rint(dout); 
*deltaires = (int)rint(dres); 

In the above shown C-language function, corrections are 
determined every 1/60 second (frame rate 60 Hz). It is written 
for the display of an image on a display device of which the 
luminance rise time is longer than the luminance fall time. 
Values “deltaiout” (being AC) and “dres” (being AR) are 
calculated from “deltaiin” (being A) and “from” (being 
FR). When “deltaiin” is positive, the luminance should rise 
(called positive slope) and no correction is to be made. The 
calculation of dout (or AC) is based on the following 
equation wherein T is the correction period: 

The calculation of “dres” (AR) is based on the following 
equation: 

"us (or tauirising) and "BF (or tauifalling) are time con 
stants of exponential functions corresponding to luminance 
time responses. 

The C-program function includes a correction in function 
of temperature (tempifunction) and location (locationi 
function). 

The processing block 39 may be implemented in different 
ways. It may be a pre-calculated look-up table with A and FR 
as input values, and AC and AR as output values which 
before being output are sent through multipliers for tem 
perature and location dependent corrections. 

It may be a hardware implementation of the C-program 
function shown above. 

It may consist of a look-up table and a microprocessor to 
update the values in the look-up table in function of tem 
perature. 

FIG. 18, FIG. 19, FIG. 20 and FIG. 21 show other 
possible embodiments or applications of the present inven 
tion. FIG. 18 shows a stand-alone apparatus 49 which 
according to the present invention converts a ?rst video 
signal 33 into a second video signal 34, having an optional 
input 50 for values (TL) related to a display screen and 
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having an optional temperature sensor 51 for measuring a 
temperature of a display screen. FIG. 19 shows according to 
the invention an apparatus 52 which corresponds to appa 
ratus 32 of FIG. 13 and is connected between a video 
generator 29 and an image display 1. FIG. 20 shows accord 
ing to the present invention an apparatus 52 built-in inside 
a signal generator 29 which is connected to an image display 
1. FIG. 21 shows according to the present invention an 
apparatus 52 built-in inside an image display which is 
connected to a video generator 29. 

It is also a possible application of the present invention 
that a video signal is generated or converted inside a signal 
generator so that the luminance time responses of a picture 
element of an image, displayed on a display device with 
different luminance rise and fall times, are equal for an 
amplitude change of the video signal and for the opposite 
amplitude change of the video signal. 
What is claimed is: 
1. An apparatus (32) for converting a ?rst video signal 

(33) into a second video signal (34), characterised in that it 
comprises: 

a subtractor (36) for subtracting from the ?rst video signal 
(33) a predicted present luminance, 

a processing block (39), having as input the output of the 
subtractor and the predicted present luminance, and as 
output a ?rst and a second correction value, 

a ?rst adder (37) for adding the ?rst correction value of 
the processing block (39) and the predicted present 
luminance, thus forming the second video signal (34), 

a second adder for adding the second correction value and 
the predicted present luminance, thus forming the next 
predicted present luminance, 

a one-frame memory, for delaying the next predicted 
present luminance, thus forming the predicted present 
luminance for a next correction period. 

2. A method for operating a display device, comprising: 
substantially equalizing luminance rise and fall responses 

of elements in a screen of said display device in time 
with slopes of the substantially equalized rise and fall 
responses being inverted relative to one another, said 
display device being prone to display artefacts includ 
ing luminance jumps due at least partially to differences 
between said luminance rise and fall responses, includ 
ing 
modifying a ?rst video signal, which has video 

information, from time to time in accordance with a 
predetermined schedule based at least on character 
istics of said elements in the screen to develop a 
second video signal having said video information, 
and 

feeding said second video signal to said display device. 
3. A method as in claim 2 wherein said modifying 

includes developing the second video signal to cause the 
luminance time responses to be substantially equal to pre 
determined luminance time responses. 

4. A method as in claim 2 or 3 wherein said modifying 
includes developing said second video signal as fed to said 
display device to substantially equalize said luminance rise 
and fall response in shape, amplitude and slope. 

5. A method as in claim 2 or 3 wherein said modifying 
includes developing said second video signal in consecutive 
steps during corresponding consecutive correction periods. 

6. Amethod as in claim 5 including taking into account at 
the start of a correction period, for the determination of the 
next correction period, at least one of the following param 
eters: 
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a) the present luminance of the picture element as pre 
dicted at the instant of the previous correction period; 

b) the present amplitude of the ?rst video signal; 
c) the physical location of the picture element on the 

display screen; and 
d) the present temperature at the location of the picture 

element. 
7. Amethod as in claim 5 including selecting a correction 

period equal to a multiple of a frame period of the said ?rst 
video signal. 

8. A method as in claim 2 or 3 Wherein said modifying 
includes causing the second video signal to effect a lumi 
nance response of a picture element of said screen to be one 
of sloWed doWn and accelerated in order to match the 
luminance response in time and amplitude to a knoWn 
corresponding sloWer or faster luminance response of a 
same or another picture element for the opposite change of 
the ?rst video signal. 

9. Amethod as in claim 2 or 3 including selecting a frame 
rate for the second video signal to be different from the 
frame rate of the ?rst video signal. 

10. A display system comprising: 
a display device having a screen Which is prone to display 

artefacts including luminance jumps due at least par 
tially to differences betWeen luminance rise and decay 
responses of elements in said screen; 

means for modifying a ?rst video signal from time to time 
in accordance With a predetermined schedule based at 
least on characteristics of said elements in the screen to 
develop a second video signal, and 

means for feeding said second video signal to said display 
device for substantially equalizing said luminance rise 
and fall responses in time With slopes of the rise and fall 
responses being inverted relative to one another. 

11. Adisplay system as in claim 10 Wherein a value of said 
second video signal that corresponds to a predetermined 
piXel has from said time to time a stepWise formation. 

12. A display system as in claim 10 or 11 Wherein said 
means for modifying a ?rst video signal includes: 

processing means connected betWeen an input Which 
receives said ?rst video signal and an output Which 
provides said second video signal for feeding to said 
display device, and 

memory means connected to said processing means for 
holding for a given correction period a signal corre 
sponding to a predicted present luminance for use in a 
neXt correction period. 

13. A display system as in claim 10 Wherein said display 
device includes a liquid crystal display device. 

14. A display system as in claim 10 Wherein a frame rate 
of the second video signal is different from a frame rate of 
the ?rst video signal. 

15. A display system as in claim 10 Wherein said means 
for modifying a ?rst video signal causes the second video 
signal to effect a luminance response of a picture element of 
said screen to be one of sloWed doWn and accelerated in 
order to match the luminance in time and amplitude to a 
knoWn corresponding sloWer or faster luminance response 
for a same or another picture element for an opposite change 
of the ?rst video signal. 

16. A method of video signal conversion, said method 
comprising: 

receiving a ?rst video signal corresponding to a picture 
element of a display device; 

receiving a predicted present luminance value from a 
memory, the predicted present luminance value relating 
to a predicted present luminance of the picture element; 
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14 
converting the ?rst video signal into a second video signal 

corresponding to the picture element, the second video 
signal being based on the ?rst video signal and the 
predicted present luminance value; 

determining a predicted future luminance value relating to 
a predicted future luminance of the picture element, the 
predicted future luminance value being based on the 
?rst video signal and the predicted present luminance 
value; and 

storing the predicted future luminance value to the 
memory. 

17. The method of video signal conversion according to 
claim 16, Wherein the predicted future luminance value 
relates to an eXpected response of the picture element to the 
second video signal. 

18. The method of video signal conversion according to 
claim 16, Wherein said converting the ?rst video signal 
includes applying, as an input value to a lookup table, at 
least one of a value based on the ?rst video signal and a 
value based on the predicted present luminance value. 

19. The method of video signal conversion according to 
claim 18, Wherein said converting the ?rst video signal 
includes obtaining an output value from the lookup table, 

Wherein the second video signal is based on the output 
value from the lookup table. 

20. The method of video signal conversion according to 
claim 18, Wherein said determining a predicted future lumi 
nance value includes obtaining an output value from the 
lookup table, 

Wherein the predicted future luminance value is based on 
the output value from the lookup table. 

21. The method of video signal conversion according to 
claim 16, said method further comprising outputting the 
second video signal to a display device, 

Wherein the second video signal is based on a temperature 
of the display device. 

22. The method of video signal conversion according to 
claim 16, said method further comprising outputting the 
second video signal to a display device, 

Wherein the second video signal is based on a location of 
the picture element relative to other picture elements of 
the display device. 

23. The method of video signal conversion according to 
claim 16, Wherein the second video signal has a plurality of 
consecutive changes in amplitude value With respect to the 
picture element, and 

Wherein said converting the ?rst video signal into the 
second video signal includes converting a ?rst change 
in amplitude value of the ?rst video signal into the 
plurality of consecutive changes in amplitude value. 

24. The method of video signal conversion according to 
claim 16, Wherein the predicted present luminance value 
relates to an eXpected luminance of the picture element at a 
time during a ?rst correction period, and 

Wherein the predicted future luminance value relates to an 
eXpected luminance of the picture element at a time 
during a correction period subsequent to the ?rst cor 
rection period. 

25. The method of video signal conversion according to 
claim 16, Wherein said determining a second video signal 
includes adding a correction value to the ?rst video signal. 

26. The method of video signal conversion according to 
claim 25, Wherein said correction value is based on the ?rst 
video signal. 

27. The method of video signal conversion according to 
claim 25, Wherein said correction value is based on the 
predicted present luminance value. 
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28. The method of video signal conversion according to 
claim 25, said method further comprising outputting the 
second video signal to a display device, 

Wherein said correction value is based on a temperature of 
the display device. 

29. The method of video signal conversion according to 
claim 25, said method further comprising outputting the 
second video signal to a display device, 

Wherein said correction value is based on a location of the 
picture element relative to other picture elements of the 
display device. 

30. A video signal convertor comprising: 
a storage element con?gured and arranged to output a 

predicted present luminance value relating to a pre 
dicted present luminance of a picture element of a 
display device; and 

a processing block con?gured and arranged to receive a 
?rst video signal corresponding to the picture element, 
to determine a second video signal corresponding to the 
picture element, and to determine a predicted future 
luminance value based on the ?rst video signal and the 
predicted present luminance value, 

Wherein the second video signal is based on the ?rst video 
signal and the predicted present luminance value, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

31. The video signal convertor according to claim 30, 
Wherein the predicted future luminance value relates to an 
expected response of the picture element to the second video 
signal. 

32. The video signal convertor of claim 30, Wherein the 
processing block includes a lookup table. 

33. The video signal convertor of claim 32, Wherein the 
lookup table is con?gured and arranged to receive at least 
one among the ?rst video signal and the predicted present 
luminance value as an input value. 

34. The video signal convertor of claim 32, Wherein the 
lookup table is con?gured and arranged to output the second 
video signal as an output value. 

35. The video signal convertor of claim 32, Wherein the 
lookup table is con?gured and arranged to output the pre 
dicted future luminance value as an output value. 

36. The video signal convertor of claim 30, Wherein the 
processing block is further con?gured and arranged to 
output the second video signal to a display device, 

Wherein the second video signal is based on a temperature 
of the display device. 

37. The video signal convertor of claim 30, Wherein the 
processing block is further con?gured and arranged to 
output the second video signal to a display device, 

Wherein the second video signal is based on a location of 
the picture element relative to other picture elements of 
the display device. 

38. The video signal convertor of claim 30, Wherein the 
predicted present luminance value relates to an expected 
luminance of the picture element at a time during a ?rst 
correction period, and 

Wherein the predicted future luminance value relates to an 
expected luminance of the picture element at a time 
during a correction period subsequent to the ?rst cor 
rection period. 

39. A method of processing a ?rst video signal for display 
on a display device, the display device having a picture 
element With different luminance response times to changes 
in amplitude value of a displayed video signal that are equal 
in magnitude and opposite in direction, said method com 
prising: 
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receiving the ?rst video signal having a ?rst change in 

amplitude value With respect to the picture element, 
said ?rst change being from a ?rst amplitude value to 
a second amplitude value; and 

determining a second video signal having a second 
change in amplitude value With respect to the picture 
element, the second change in amplitude value corre 
sponding to the ?rst change in amplitude value, 

Wherein determining the second video signal includes 
determining said second change in amplitude value 
such that a luminance response time of the picture 
element to the second change in amplitude value is 
substantially equal to a luminance response time of the 
picture element to a change in amplitude value from the 
second amplitude value to the ?rst amplitude value. 

40. The method of processing a ?rst video signal for 
display on a display device according to claim 39, Wherein 
said second change in amplitude value includes a plurality of 
consecutive changes in amplitude value, said consecutive 
changes in amplitude value being separated in time. 

41. The method of processing a ?rst video signal for 
display on a display device according to claim 39 or 40, 
Wherein the second change in amplitude value is based on an 
expected luminance of the picture element. 

42. The method of processing a ?rst video signal for 
display on a display device according to claim 41, further 
comprising storing a predicted future luminance value relat 
ing to an expected luminance of the picture element in 
response to the second change in amplitude value. 

43. The method of processing a ?rst video signal for 
display on a display device according to claim 39, Wherein 
the second change in amplitude value is based on the ?rst 
change in amplitude value and an expected luminance of the 
picture element. 

44. The method of processing a ?rst video signal for 
display on a display device according to claim 39, Wherein 
determining said second change in amplitude value includes 
applying, as an input value to a lookup table, at least one of 
a value based on the ?rst change in amplitude value and a 
value based on an expected luminance of the picture ele 
ment. 

45. The method of processing a ?rst video signal for 
display on a display device according to claim 39, Wherein 
the second change in amplitude value is based on a tem 
perature of the display device. 

46. The method of processing a ?rst video signal for 
display on a display device according to claim 39, Wherein 
the second change in amplitude value is based on a location 
of the picture element relative to other picture elements of 
the display device. 

47. A method of processing a ?rst video signal for display 
on a display device, the display device having a picture 
element With different luminance response times to changes 
in amplitude value of a displayed video signal that are equal 
in magnitude and opposite in direction, said method com 
prising: 

receiving the ?rst video signal having a ?rst change in 
amplitude value With respect to the picture element; 
and 

determining a second video signal having a second 
change in amplitude value With respect to the picture 
element, the second change in amplitude value corre 
sponding to the ?rst change in amplitude value, 

Wherein determining the second video signal includes 
determining said second change in amplitude value 
such that a luminance response time of the picture 
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element to the second change in amplitude value is 
greater than a luminance response time of the picture 
element to the ?rst change in amplitude value. 

48. The method of processing a ?rst video signal for 
display on a display device according to claim 47, Wherein 
said second change in amplitude value includes a plurality of 
consecutive changes in amplitude value, said consecutive 
changes in amplitude value being separated in time. 

49. The method of processing a ?rst video signal for 
display on a display device according to claim 47 or 48, 
Wherein the second change in amplitude value is based on an 
eXpected luminance of the picture element. 

50. The method of processing a ?rst video signal for 
display on a display device according to claim 49, further 
comprising storing a predicted future luminance value relat 
ing to an eXpected luminance of the picture element in 
response to the second change in amplitude value. 

51. The method of processing a ?rst video signal for 
display on a display device according to claim 47, Wherein 
the second change in amplitude value is based on the ?rst 
change in amplitude value and an eXpected luminance of the 
picture element. 

52. The method of processing a ?rst video signal for 
display on a display device according to claim 47, Wherein 
determining said second change in amplitude value includes 
applying, as an input value to a lookup table, at least one of 
a value based on the ?rst change in amplitude value and a 
value based on an eXpected luminance of the picture ele 
ment. 

53. The method of processing a ?rst video signal for 
display on a display device according to claim 47, Wherein 
the second change in amplitude value is based on a tem 
perature of the display device. 

54. The method of processing a ?rst video signal for 
display on a display device according to claim 47, Wherein 
the second change in amplitude value is based on a location 
of the picture element relative to other picture elements of 
the display device. 

55. A method of processing a ?rst video signal for display 
on a display device, the display device having a picture 
element With different luminance response times to changes 
in amplitude value of a displayed video signal that are equal 
in magnitude and opposite in direction, said method com 
prising: 

receiving the ?rst video signal having a ?rst change in 
amplitude value over a time duration With respect to the 
picture element; and 

determining a second video signal having a second 
change in amplitude value over the time duration With 
respect to the picture element, the second change in 
amplitude value corresponding to the ?rst change in 
amplitude value, 

Wherein an integrated luminance of the picture element 
over the time duration in response to the second video 
signal is substantially equal to the integrated luminance 
of a picture element having a prede?ned luminance 
response over the time duration in response to the ?rst 
video signal, 

Wherein the prede?ned luminance response is de?ned as 
a change in luminance over time that is substantially 
equal in shape and opposite in direction in response to 
changes in an input video signal that are equal in 
magnitude and opposite in direction. 

56. The method of processing a ?rst video signal for 
display on a display device according to claim 55, Wherein 
said second change in amplitude value includes a plurality of 
consecutive changes in amplitude value, said consecutive 
changes in amplitude value occurring separately during the 
time duration. 
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57. The method of processing a ?rst video signal for 

display on a display device according to claim 55 or 56, 
Wherein the second change in amplitude value is based on an 
eXpected luminance of the picture element. 

58. The method of processing a ?rst video signal for 
display on a display device according to claim 57, further 
comprising storing a predicted future luminance value relat 
ing to an eXpected luminance of the picture element in 
response to the second change in amplitude value. 

59. The method of processing a ?rst video signal for 
display on a display device according to claim 55, Wherein 
the second change in amplitude value is based on the ?rst 
change in amplitude value and an eXpected luminance of the 
picture element. 

60. The method of processing a ?rst video signal for 
display on a display device according to claim 55, Wherein 
determining said second change in amplitude value includes 
applying, as an input value to a lookup table, at least one of 
a value based on the ?rst change in amplitude value and a 
value based on an eXpected luminance of the picture ele 
ment. 

61. The method of processing a ?rst video signal for 
display on a display device according to claim 55, Wherein 
the second change in amplitude value is based on a tem 
perature of the display device. 

62. The method of processing a ?rst video signal for 
display on a display device according to claim 55, Wherein 
the second change in amplitude value is based on a location 
of the picture element relative to other picture elements of 
the display device. 

63. A method of video signal conversion, said method 
comprising: 

receiving a ?rst video signal having a ?rst change in 
amplitude value With respect to a picture element of a 
display device; 

receiving a predicted present luminance value from a 
memory, the predicted present luminance value relating 
to a predicted present luminance of the picture element; 

determining a second video signal having a second 
change in amplitude value With respect to the picture 
element, the second change in amplitude value being 
based on the ?rst change in amplitude value and the 
predicted present luminance value; 

determining a predicted future luminance value relating to 
a predicted future luminance of the picture element, the 
predicted future luminance value being based on the 
?rst change in amplitude value and the predicted 
present luminance value; and 

storing the predicted future luminance value to the 
memory. 

64. The method of video signal conversion according to 
claim 63, Wherein the predicted future luminance value 
relates to an eXpected response of the picture element to the 
second video signal. 

65. The method of video signal conversion according to 
claim 63, Wherein said determining a second video signal 
includes applying, as an input value to a lookup table, at 
least one of a value based on the ?rst change in amplitude 
value and a value based on the predicted present luminance 
value. 

66. The method of video signal conversion according to 
claim 65, Wherein said determining a second video signal 
includes obtaining an output value from the lookup table, 

Wherein the second change in amplitude value is based on 
the output value from the lookup table. 

67. The method of video signal conversion according to 
claim 65, Wherein said determining a predicted future lumi 
nance value includes obtaining an output value from the 
lookup table, 
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wherein the predicted future luminance value is based on 
the output value from the lookup table. 

68. The method of video signal conversion according to 
claim 63, said method further comprising outputting the 
second video signal to a display device, 

Wherein the second change in amplitude value is based on 
a temperature of the display device. 

69. The method of video signal conversion according to 
claim 63, said method further comprising outputting the 
second video signal to a display device, 

Wherein the second change in amplitude value is based on 
a location of the picture element relative to other 
picture elements of the display device. 

70. The method of video signal conversion according to 
claim 63, Wherein the second video signal has a plurality of 
consecutive changes in amplitude value With respect to the 
picture element, and 

Wherein converting the ?rst video signal into the second 
video signal includes converting a ?rst change in 
amplitude value of the ?rst video signal into the plu 
rality of consecutive changes in amplitude value. 

71. The method of video signal conversion according to 
claim 63, Wherein the predicted present luminance value 
relates to an eXpected luminance of the picture element at a 
time during a ?rst correction period, and 

Wherein the predicted future luminance value relates to an 
expected luminance of the picture element at a time 
during a correction period subsequent to the ?rst cor 
rection period. 

72. A video signal convertor comprising: 
a storage element con?gured and arranged to output a 

predicted present luminance value relating to a pre 
dicted present luminance of a picture element of a 
display device; and 

a processing block con?gured and arranged to receive a 
?rst video signal having a ?rst change in amplitude 
value With respect to the picture element and to deter 
mine a second video signal having a second change in 
amplitude value With respect to the picture element, 

Wherein the ?rst change in amplitude value includes a 
change from a ?rst amplitude value to a second ampli 
tude value, and 

Wherein the second change in amplitude value is based on 
the ?rst change in amplitude value, and 

Wherein the processing block is further con?gured and 
arranged to determine the second change in amplitude 
value based on the predicted present luminance value 
such that a luminance response time of the picture 
element to the second change in amplitude value is 
substantially equal to a luminance response time of the 
picture element to a change in amplitude value from the 
second amplitude value to the ?rst amplitude value. 

73. The video signal convertor according to claim 72, 
Wherein the processing block is further con?gured and 
arranged to determine a predicted future luminance value 
based on the ?rst change in amplitude value and the pre 
dicted present luminance value, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

74. A video signal convertor comprising: 
a storage element con?gured and arranged to output a 

predicted present luminance value relating to a pre 
dicted present luminance of a picture element of a 
display device; and 

a processing block con?gured and arranged to receive a 
?rst video signal having a ?rst change in amplitude 
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value With respect to the picture element, to determine 
a second video signal having a second change in 
amplitude value With respect to the picture element, 
and to determine a predicted future luminance value 
based on the ?rst change in amplitude value and the 
predicted present luminance value, 

Wherein the ?rst change in amplitude value includes a 
change from a ?rst amplitude value to a second ampli 
tude value, and 

Wherein the second change in amplitude value is based on 
the ?rst change in amplitude value, and 

Wherein the processing block is further con?gured and 
arranged to determine the second change in amplitude 
value based on the predicted present luminance value 
such that a luminance response time of the picture 
element to the second change in amplitude value is 
greater than a luminance response time of the picture 
element to the ?rst change in amplitude value, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

75. The video signal convertor according to claim 74, 
Wherein the processing block is further con?gured and 
arranged to determine a predicted future luminance value 
based on the ?rst change in amplitude value and the pre 
dicted present luminance value, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

76. A video signal convertor comprising: 
a storage element con?gured and arranged to output a 

predicted present luminance value relating to a pre 
dicted present luminance of a picture element of a 
display device; and 

a processing block con?gured and arranged to receive a 
?rst video signal having a ?rst change in amplitude 
value over a time duration With respect to the picture 
element, to determine a second video signal having a 
second change in amplitude value over the time dura 
tion With respect to the picture element, and to deter 
mine a predicted future luminance value based on the 
?rst change in amplitude value and the predicted 
present luminance value, 

Wherein the ?rst change in amplitude value includes a 
change from a ?rst amplitude value to a second ampli 
tude value, and 

Wherein the second change in amplitude value is based on 
the ?rst change in amplitude value, and 

Wherein the processing block is further con?gured and 
arranged to determine the second change in amplitude 
value based on the predicted present luminance value 
such that an integrated luminance of the picture ele 
ment over the time duration in response to the second 
video signal is substantially equal to the integrated 
luminance of a picture element having a prede?ned 
luminance response over the time duration in response 
to the ?rst video signal, 

Wherein the prede?ned luminance response is de?ned as 
a change in luminance over time that is substantially 
equal in shape and opposite in direction in response to 
changes in an input video signal that are equal in 
magnitude and opposite in direction, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

77. The video signal convertor according to claim 76, 
Wherein the processing block is further con?gured and 
arranged to determine a predicted future luminance value 
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based on the ?rst change in amplitude value and the pre 
dicted present luminance value, and 

Wherein the storage element is further con?gured and 
arranged to store the predicted future luminance value. 

78. A method for operating a display device having a 
picture element With different luminance response times to 
changes in amplitude value of a displayed video signal that 
are equal in magnitude and opposite in direction, said 
method comprising: 

receiving a ?rst video signal having video information; 
modifying the ?rst video signal from time to time in 

accordance With a predetermined schedule based at 
least on characteristics of the picture element to 
develop a second video signal having the video infor 
mation; and 

outputting the second video signal to the display device, 
Wherein said modifying includes developing the second 

video signal such that a luminance response time of the 
picture element to a value of the second video signal 
that corresponds to a ?rst change in amplitude value of 
the ?rst video signal is substantially the same as a 
luminance response time of the picture element to a 
value of the second video signal that corresponds to a 
second change in amplitude value of the ?rst video 
signal, the ?rst and second changes being equal in 
magnitude and opposite in direction. 
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79. A display system comprising: 

a display device having a picture element With different 
luminance response times to changes in amplitude 
value of a displayed video signal that are equal in 
magnitude and opposite in direction; 

a convertor coupled to the display device and con?gured 
and arranged to modify a ?rst video signal, Which has 
video information, from time to time in accordance 
With a predetermined schedule based at least on char 
acteristics of the picture element to develop a second 
video signal having the video information, 

Wherein said convertor is con?gured and arranged to 
select at least one amplitude value of the second video 
signal such that a luminance response time of the 
picture element to a value of the second video signal 
that corresponds to a ?rst change in amplitude value of 
the ?rst video signal is substantially the same as a 
luminance response time of the picture element to a 
value of the second video signal that corresponds to a 
second change in amplitude value of the ?rst video 
signal, the ?rst and second changes being equal in 
magnitude and opposite in direction. 
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